A IR el T TR TR
NOAA'’s Airborne Snow and Soil Moisture Survey
and The National Snow Analysis

Office of Water Prediction
Carrie Olheiser

SnowEx September 18, 2019



1SS10N

To support the National Weather Service’s mission by producing the best
estimate of snow water equivalent using all available data including satellite,
airborne, and in-situ observations to protect life and property and the
enhancement of the national economy.

Operational mission collecting SWE measurements since 1980.
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Who uses our information?

National Weather
Service

Federal and State
Agencies

Private Sector

Canadian
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*U.S. Army Corps of
Engineers
eBureau of Reclamation
*New York Department
of Environmental
Protection
e Natural Resources
Conservation Service
eDepartment of
Transportation
*Montana Department of
Emergency Services
eSan Francisco Public
Utilities Commission
*University of Albany
ASRC/CESTM
*University of Wisconsin
Sea Grant Institute
eNational Snow and Ice
Data Center

~TTRAAA

&) FEMA—

* Baron Advanced
Meteorological
Systems, LLC

* Weather Channel
* Meteorlogix, Inc.
® Merrril Lynch

* Weather Decision
Technologies, Inc.

* SnowStreet

* AccuWeather

* Snow Plow Operators

* Oppenheimer

e Campbell Soup
Company

e Snowmobile
outfitters

e Mountaineers
e General Public

* Manitoba Department
of Natural Resources

* New Brunswick
Department of
Natural Resources

e Alberta Environment

* BC Hydro

¢ British Columbia
Ministry of
Environment

¢ Environment Canada

¢ Saint John River
Basin Commission




National Snow Analysis

Multi-sensor Show
Observations

Airborne

Satellite

SN
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Over 71,432Current Reporting Stations / over 199,718 in NOHRSC database y

National Weather Service
— First-order Stations
— Cooperatives
Federal and State Agencies
— NRCS SNOTEL and Snow Courses

— USACE New England District Shnow
Surveys

— Federal Aviation Administration

— Cadlifornia Dept. of Water Resources
Regional Mesonets and Surveys

— State Mesonets

— CoCoRAHS

— MesoWest (150 smaller mesonets)
International Agencies

— St. John River Basin

— Environment Canada
— BC Hydro
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National Snow Analysis

NWS Airborne Snow Survey Program

Multi-sensor Show
Observations
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Airborne Snow Survey Network
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Airborne Platforms




Gamma Detection System




Gamma Detection System Today




Natural Terrestrial Gamma Radiation

Atmospheric
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Natural Terrestrial Gamma Radiation
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Pure, uncollided gamma
radiation
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Radiation absorbed by water mass in snow pack
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Typical Flight Line

Airborne measurements integrate shallow and
deep snow packs.
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IS

Typical Flight Line

Ground ice 2 to 4 inches thick also act like snow water

equivalent.




Airborne Snow Survey Network
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Colorado SnowEx 19/20

SnowEx 19/20 — Colorado Sites -,
Priority, TS Location, Flight line
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Colorado SnowEx 19/20

P

;W'le 3

) >
= . -
" TEWATEN
- BANIN

) -5 ~ G SWESARR Flight Line
L RN "r.dél ok ‘
- Nvf— SWESARR Flight Line 2
SWESARR Flight Line 3
., c‘h,c — NOMRSE Gamima Surwey
UAVSAR Flight Line
' o Time Series Ground Pts
1 /'-;-. WERT BFENCM
F - - > o~

Cwclane G ».
m

A f" — "
q; — )\
”“ ' > b 1 .
g .
._wnb" Ao /‘l
y 5o oee u.-o-c--n';- ot P ot ouoo.qosnomm’c»;

“Crtnance Srvey S1v Jagen VG su Crwa (ong Vongt. 48
v e G5 Lew Covmuray « A




Airborne Snow Survey Network
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Airborne Snow Survey Network

Upper and lower tree line NRCS SNOTEL Sites




Airborne Snow Survey Network

Late — season, high
elevation snow pack.

Low elevation, broad regions
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Colorado Flight Line




National Snow Analysis

€ C O www.nohrsc.noaa.gov
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National Snow Analysis
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National Snow Analysis

SRUS43 KMSR 041017

RRMASP

.BR GAMMA 180404 /SAIRF/SWIRF

$1TO ~=wmwm Service Hydrologist (Please give HARDCOPY to SH)

tFROM ---- Carrie Olheiser, (952) 368-2503, Minneapclis, Minnesota

sVisit our web page at www.nohrsc.noaa.gov

:SUBJECT - AIRBORNE SNOW WATER EQUIVALENT DATA 180404101712

D -
: Total No. of flight lines gseat = 21

B -
tLine  Survey 85C SWE  SWE ¥SM Est Fall W8M Pilot

iNo. Date (in) (35%) (M) Typ Date (F) Remarks

:

MT404 DY1BO404
MT405 DY180404
MT406 DY180404

95
95
100

1.2, 23 AI 170919
1.5, 26 AI 170919
1.5, 26 AI 170919

26 field stubble
26 field stubble

/ / 1.9 3 ’
/ / 2.0 : .
/ /2.0 2 .
MT407 DY1B80403 / 100 / 2.1 : 1.8, 29 AI 170919 , 2%
MT409 DY180403 / 100 / 2.5 : 2.1, 28 AI 170919 , 28
MT410 DY180404 / 100 / 1.8 : 1.3, 26 AI 170919 , 26 Little 3ighorn River open
MT411 DY1BO404 / 100 / 2.7 1 2.2, 26 AI 170919 , 26
MT412 DY1BO404 / 100 / 3.7 : 3.0, 23 AM 170912 , 23 Rosebud Creek open
MT414 DY1BO0404 / 100 / 3.3 : 2.5, 22 AI 170919 , 22 snow in trees
MT415 DY180403 / 100 / 1.3 : 1.4, 36 AM 170918 , 36
MT416 DY18B0403 / 100 / 0.6 : 0.6, 36 AI 170919 , 36
MT417 DY1B0403 / 100 / 0.6 : 0.7, 36 AI 170919 , 36
MT418 DY180403 / 100 / 3.5 : 2.5, 18 AM 151013 , 18 Little Missouri Rvr open
MT419 DY180403 / 100 / 1.8 : 2.0, 38 AI 170919 , 38 Boxelder Ck partial frzn
MT420 DY1B0403 / 100 / 1.9 : 1.6, 30 AI 170919 , 30 snow in trees
MT421 DY1B0403 / 100 / 2.3 : 1.6, 22 AI 170919 , 22
MT422 DY1B0403 / 100 / 2.1 : 1.7, 29 AI 170919 , 29
MT423 DY180403 / 100 / 1.5 : 1.6, 38 AM 170918 , 38
MT425 DY180403 / 100 / 1.7 : 1.4, 30 AI 170919 , 30
MT426 DY1B0403 / 100 / 1.8 : 1.7, 34 AI 170919 , 34
MT427 DY1B0403 / 100 / 1.9 : 1.3, 24 AM 170912 , 24

+END

Lines in SE Montana flown today. The Milk river is partially open up to
the town of Havre and then frozen with small patches of open areas
headed east. In the Glasgow area, the snow cover becomes lighter.
Beaver Creek is partially open. There are some flooded farm fields 4
miles south of Bowdoin. The Judith River appears open up to the
Missouri River with heavy new snow in the area. The Missouri River is
frozen from Fort Peck Lake but opens up where the Yellowstone River
meets the Missouri.
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National Snow Analysis

Office Of Water Prediction
National Weathor Service. NOAA
Chanhas ven, MN
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Airborne Photos




Airborne Photos
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Missouri River Basin Flooding

 Snow Water Equivalent Observati

TZh preceding 2018 March 19 1200UTC
Lates! Snow Water Equivalent Observed




Missouri River Basin Flooding
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The Future - King Air

« JetProp Commander is an aging airframe — Built in
1984

« Per the OMAQO Recapitalization Plan a new King Air
will replace the JetProp in 2020.

» Feasibility Study of a King Air 350ER was completed
Fall / early winter 2017-2018

—




National Snow Analysis

Multi-sensor Snow Snow Modeling and Data Snow Information
Observations Assimilation Products

Numerical Weather
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Data Products

Gridded Snow Interactive Maps
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NOHRSC Snow Model Physics
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Snow Modeling Framework

Hourly Input

Numerical Weather
Models (1 km)

Temperature

Relative Humidity
Wind Speed
Solar Radiation
Atmos. Radiation
Precipitation

Precipitation Type

Soils Properties

Land Use/Cover

Forest Properties

Snow Energy and Mass
Balance Model

Blowing Snow Model

Radiative Transfer Model

State Variables for
Multiple Vertical
Snow & Soil Layers

Snow Water Equivalent

Snow Depth

Snow Temperature

Liquid Water Content

Snow Sublimation

Snow Melt

Data Assimilation

Snow
Observations

Snow Water
Equivalent

Snow Depth

Snow Cover

NSA Product

Generation
Interactive Maps
Digital Data

Discussions




Snow Observational Assimilation
Daily SWE and Snow Depth Observations are used to update the model

If pattern of differences is explainable, an update field is generated and
used to nudge the model toward observed states
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* Uncertainties in driving data e  Uncertainties due to model physics
— Precipitation under/over —  Melt problems due to temperature
estimation bias
— Typing issue; rain/ snow — Sublimation rates
Wy — Placement of storm track
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Benefits of NSA Products

Use of NSA Information Products at NCRFC

NWS River Forecast System
N. Raccoon River, Des Moines River Basin 2004 February 12 - March 11

NWSREFS without NSA data

Original Snow-17 SWE

Underestimated
Forecast Stage

e S e VOt S

Example: Two river discharge peaks were observed but underestimated by
NWSRFS



National Snow Analysis

Multi-sensor Snow Snow Modeling and Data Snow Information
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Physical Element Map Options

l Redraw Map

r Select Physical Element

Snow Precipiiabion
None

| Hourly Snow Analyses
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Snow Depth
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SWE Change
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National Operational Hydrologic Remot;..
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SnowEx

Synergies from research to operations.
King Air Calibration and Validation

Snow DA meeting - Improving Water Prediction by
Assimilating Show and Soil Observations.
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Questions?

Carrie Olmneiser
Carrie.olheiser@noaa.gov

Office of Water Prediction
1735 Lake Drive West

Chanhassen, MN
952-368-2503

WWW.NOoNrsc.noaa.gov
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Snow Economics

“The Value of Shnow and Snow Information Services” (2004)

Dr. Richard Adams

Professor, Agricultural and
Resource Economics Oregon

State University

Dr. Laurie Houston

Research Assistant  Oregon
State University

Economic Benefits of Snow

Dr. Rodney Weiher

Chief Economist
Oceanic and Atmospheric
Administration U.S. Dept. of
Commerce

National

Economic Costs of Snow

Winter tourism Exceeds $8 | New Snow removal Exceeds $2 U.S.
billion / yr England and billion / yr
II\R/Iocky _ Road closures that Exceeds $10 | Eastern
ountains cause lost retail trade, | billion/day | U.S.
Cold water fishing | Exceeds 2.3 | New wages, and tax
(snow is cold billion / yr England revenue
water source) Flight delays $3.2 billion/ | U.S.
yr carriers
Damage to utilities Up to $2
Snowpack water | Up to $348 | Western billion / event
storage billion /'yr U.S. Flooding from $4.3 billion 1997 U.S.
snowmelt floods

“... improved snow information and services

have potential benefits greater than $1.3 billion

“... investments that make only modest
improvements in snow information will have

annually.”

substantial economic uos.”
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Data Collection
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AGDAS

Airborne Gamma Data Acquisition Software




Red River Basin - UNH NCRFEC

Red River Basin - Maximum SWE [mm]

Valid (maps): Feb 28, 2018 - Mar 06, 2018

SSMA - Feb 28-Mar 06, 2018
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National Water Model

Soil Moisture
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National Snow 2018
Analysis 2019
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58.8 % of CONUS snow covered on February 21, 2019.

snow Waler Equivalent

QS-21 o6 1IN




